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THE REFRIGERATED SHELFLIFE OF SPANISH MACKEREL (Scomberomorus maculatus) AND
'KING MACKEREL (Scomberomorus cavalla) HARVESTED FROM THE SOUTHEASTERN UNITED
STATES.

MELVIN E. WATERS
NATIONAL MARINE FISHERIES SERVICE, NOAA
Southeast Fisheries Center, Charleston Laboratory
Charleston, S C 29412

ABSTRACT--Freshly caught Spanish mackerel (Scomberomorous maculatus) and king

mackerel (Scomberomorous cavalla) were processed into various market forms

and stored, either iced or packaged, at 4%. Representative samples of each
product form were removed from storage at regular intervals and assessed for
quality using organoleptic, microbial and chemical methods. The resultant
.shelflife of Spanish mackerel, after processing, was 9 days for gutted, as
well as for headea andbgutted (H&G? fish (iced) and 5-6 days for tray-pack
skin-on and skinless fillets (4°C). The resultant shelflife of king mackerel
Qas 15 days for whole fish (iced) and 9 days for portions (4°c). Total
volatile nitrogen (TVN) and trimethylamine-nitrogen (TMA-N) values increased
dramatically after 5 days of storage at 4°C for Spanish mackerel and 9 days at’
4°¢ for king mackerel, and compared favorably Qith sensory scores. Thio-
barbituric acid (TBA) values for king mackerel (whole fish and portions)
increased fairly regularly with an increase in storége time. TBA values for
all except one sample of the products examined during this study did not
exceed 5 mg of malonaldehyde (MA)/kg of sample which has been suggested as the
upper limit that can be present in fishery products without being detected by
sensory panels., It was concluded that spoilage was &ue to microbial activity

and not oxidative rancidity as indicated by low TBA values.



INTRODUCTION

The mackerels are inhabitants of coastal waters, the genus Scomber-—
omorous being distributed worldwide throughout tropical and subtropical

regions (Lyle, 1969). The Spanish mackerel (Scomberomorous maculatus) is an

important commercial species in the U.S. with annual landings in 1980 of
approximately 12 million pounds valued at $3.1 million ex-vessel (U.s.

Department of Commerce, 1980). 1In the past, king mackerel {Scomberomorous

cavalla) was considered to be a recreational fish. In recent years, however,
it too has become of commercial importance. In 1980, approximately 7
million pounds of king mackerel were landed at a value of $5.4 million ex-
vessel (U.S. Department of Commerce, 1980).Ninety percent of the U.S. land-
ings were confined to thé east coast of Florida and the Florida Keys.

The mackerels have been utilized as a food fish for many yeérs and
provide a food with a deiicate flavor and one éf high nutritional value. The
flesh is high in protein, vitamins, calcium and phosphorous; low in sodium and
cholesterol (Hale, 1978). The high oii content of the mackerelshmake thém
ideal for broiling, baking and smoking. The species offer versatility in the
preparation of  various seafood recipes. Spanish’mackerel is served exten-
sively in seafood restaurants.

Spanish and king mackerel are generally eviécerated at sea,kpécked in
crushed ice and landed within a few days after catch. 'Evisceratioﬁ and
packing in crushed ice immediately after harvest is particularly'important
with mackerels to slow down spoilage to increase the shelflife. Although the
bulk of the Spanish mackerel catch is filleted and sold fresh or frozen, whole
(eviscerated)~fish may also be marketed fresh aﬁd frozen. King mackerel -are
usually sold to retail outlets as whole fish (eviscerated) andVSubsequently
procesééd into steaks for the retail trade at grocery stores and seafood

markets. King mackerel are marketed fresh or frozen.



Marketing of Spanish mackerel at the retail level (fresh or frOZeﬁ) has
been limited partially because of its relatively short shelflife. Frozen fish
begin to show signs of rancidity in 3 wmonths and are usually rejected by taste
panels between 6 and 9 months of storage (Farragut, 1972). The texture of
fresh Spanish mackerel is soft and the flesh subject to rapid spoilage.
Therefore, Spanish mackerel and processed pfoducts must be handled expedi-
tiously and carefully in marketing channels to insure that it reaches the
consumer in good quality. The market manager does not always take the
handling and storage precautions required for Spanish mackerel, resulting in
a poor quality product being offered to the conéumer. This in part accounts
for limited consumption of the species.

The U.S. commercial catch of king tnéckerel hés remained  fel;tively‘
static since 1975 (unpublished data - FMP for Coastal‘Migratory Pelagic
Resources) and is not expected to increase based on historical data and
current fishing conditions. Consequently,;betfer knowledgé of its storage
characteristics is needed to maximize the’utility aﬁd quélity of a limited
resource. The flesh of king mackerel is firm, contéiﬁs a large dark lateral
line, gray in color and consumption is limited almost entirely to those
familiar with the species.

Detailed information on the refrigerated shelflife of king and Spanish
mackerel in various product forms is limited. Such information neéd_to_be
developed and provided to producers and market managers to encoufage them to
offer a better quality product to their customers. Daté on product shelflife
is also needed by nutritionists, economlsts, and marketlng spe01a118ts work—
ing to capltallze on the desirable qualities of the mackerels and to ensure.

profitable operations.



The objectives of this study were to determine the refrigerated shelf-
life of (1) Spanish mackerel stored as gutted fish, H& fish, skin-on and
skinless fillets, and (2) king mackerel stored as whole fish and steaks, these

being the major commercial product forms of the mackerels.
EXPERIMENTAL
FISH SAMPLES

Spanish  mackerel were’ obtained  from commercial harvests off
the northwest coast of Florida in September, 1977. The mackerel were caught
by gillnet, part of the viscera removed on the vessel by deck hands and the
fish packed in crushed ice. The catch was landed at Port St. Joe, Florida and
subsequently transported to the laboratory for further preparation. The fish
had been caught 24 h prior to preparation for experimental work. One hundred
pounds (100 fish) were divided into 4 groups of 25 fish each. One group was
completely gutted, washed in cold tap water, packed in crushed ice (about 1°¢)
and designated as gutted fish. The second group was headed, completely

’gutted, washed and packed in crushed ice (H& fish). Thé third group waé
filleted (skin left intéct),;washed; drained and placed on polystyrene food
trays. The fourth group was filleted, skinned, waéhed, drained and placedkOn ;
polystyrene food trays. The trays of product in the third and fourth groups
were overwrapped with polyvinyl chloride (pvCc) film.

Six king mackerel (uneviscerated) weighing 20 to 30 pdunds each were
obtained from a sport fisherman and were céught off the coast'of'Mississippi
in June of 1978. The fish were packed in crushed’ice on‘board the,vesse1‘4
after being caught and landed within 8 h. They were traﬁSported to the
laboratory, re-~iced, held in a coolerv(4°C) and prepared for experimental work

48 h later. Three fish were washed and packed in crushed ice and designated



as whole fish. Three fish were skinned, filleted and the dark lateral line
removed from the fillets. The fillets from these three fish were further cut
vertically into portions, the portions placed on food trays and ovérwrappéd
with PVC packaging material.

Packapged product forms of both species were held in a cooler at 4°¢. The
iced fish were also held in the cooler at 4°C and provided with good drainage
to allow melt water to drain away. Product quality assessmoﬁts began on the
day after preparation and continued at intervals of 2 to 4 days thereafter

throughout the storage period.
PRODUCT EVALUATION

. Representative samples of each product form of Spanish and king mackerel
were removed from storage and evaluated for total aerobic plafe counts (TAPC),
organoleptic quality and chemical properties. Samples for analyses of gutted
and H & G Spanish mackerel were obtained by removing fillets from the fish.
Samples for analyses of whole king mackerel wcre obtained by cutting 2, 1/2
inch portions from the loin at different locations each day of sampling and
the dark lateral line removed.: Microbiolbgical samplés were removed asep-
tically from each prodﬁct form prior to Conducting the other analyses. Micro-
bial and chemical analyses were conducted on three samples of each product
form corresponding to each period of assessment and the results averaged.

Organoleptic evaluation --— Appearance, odor and texture were assessed

on the raw products by a panel of 6 judges experienced in evaluating fresh
fish quality. Evaluation of whole fish was based on steaks removed from king
mackerel and fillets removed from gutted Spaﬁish mackerel. Evaluation of H &

G Spanish mackerel was also based on fillets. Assessments were made using a



9-point hedonic scale ranging from 9 (highest affirmative value) to 1 (lowest
value) with 5 taken as the borderline quality for acceptability. Results are
reported as an average of the 6 assessments.

Microbial analyses —--~ The microbial analyses consisted of total aerobic

plate count (TAPC), following the procedure outlined in FDA's Bacteriological
Analytical Manual for Foods (1976) except the plates were incubated 72 h at
22°¢c.  Standard plate count agar was used as the plating media. Results are
reported as count per g of sample.

Chemical analyses --- Total volatile nitrogen (TVN) and trimethylamine-

nitrogen (TMA-N) analyses were conducted using the modified Conway Micro-
diffusion technique described by Obrink (1955) as modified by Cobb, et al
(1973). Results are reported as mg N/100 g of sample. Oxidative rancidity
was determined by the thiobarbituric acid (TBA) method using the procedure of
Vynke (1972) and results reported aé mg malonaldehyde (MA)/kg of sample.
Deﬁermination df pH was conducted using the method described by the A.0.A.C.

- (1975).

RESULTS AND DISCUSSION

Spanish Mackerel --- Results of the pH, TAPC, oxidative rancidity (TBA) and

organoleptic evaluations for Spanish mackerel are shown in Tabie I. The pH of
all product forms remained about the same for the first 3 days of Storage3
After the third day of storage,‘tray—pack skin-on and skinless fillets in}
creased slightly but consistently over the initial pH.  The pH of gutted ané

H&G fish, after 3 days of storage, was coﬁsistently lower than the two form?

of fillets, indicating that the fillets had spoiled at a faster rate. Ah

increase in pH results from a breakdown of proteins brought about by the

activity of proteolytic enzymes releasing ammonia, amines and other prdducté{

of bacterial metabolism.



The TAPC of all product forms increased during storage, with tray-pack
fillets reaching a peak at 7 days; gutted and H&G fish peaked at 9 days of
storage. A possible exﬁlanation for TAPC peaking at 7 days with fillets is
that the microorganisms reached the maximum stationary phase of growth at 7
dayé and entered the accelerated death phase on the 9th day. The counts on
both forms of tray-pack fillets were always higﬁer than the gutted and H&G
fish. Lower counts on the latter may be attributed to the continuous washing
action of the melting ice which is in contact with the skin and storage at a
slightly lower temperature. Also, the cut surface may provide a bettei medium
with more surface for growth. There was no appreciable difference between the
TAPC of the two forms of tray-pack fillets nor were the counts differgnt
between the gutted and H& fish. Generally, the increase in TAPC valu?s of
the various product forms‘were in agreement with an increase in pH.

Sensory scores for fillets prepared from gutted and H & G fish remained
relatively high throughout storage and the fillets were judged edible at thé
end of storage. However, spoilage‘odots from the unfilleted fish were evident
at 7 days, intensified at 9 days and storage terminated on the 9ﬁh day due to
probable rejection by the consumer. On fhe 7th day, tréy—pack skin-on and
skinless fillets were judged to be of about borderiine (score of 5) quality,
due primarily to spoilage odors . The darker color of skin4on tray-pack
fillets probably contributed to the lower appearance scores for this product
form. Texture of the tray-pack fillets became "soff" toward the end of -
storage, accounting for the low texture scores. Organoleptic séores and
comments by panelists indicated that the shelflife of gutted and H & G Spanish
mackerel is 7 to 9 days and 5 to 6 days for tray-pack, skin-on and skinless

fillets.



The TBA values were somewhat erratic but generally they increased for all
product forms during early storage, then decreased at the end of storage. TBA
values for gutted fish remained stable except on the 7th day when noticeably
higher values were found. Values for the H& fish increased gradually through
7 days then decreased on the 9th day. ’TBA values for tray-pack skin-on and
skinless fillets reached a peak on the 5th day and 3rd day of storage,
respectively. A decrease in TBA values toward the end of frozen storage for
several species has been reported in the literature. Botta and Richards
(1973), Castell et al (1966) and Bﬁttkus (1967) experienced similar results
with salmon, cod and trout, respectively. They suggested that\thiobarbituric
acid reactive substances react withkprotein and become partially unrecover-
able for the TBA test. Buttkus (1969) also showed that malonaldehyde reacts

‘with cysteine and methionine. The same reactions may be taking place in fresh
fish. |

TBA values did not exceed 5 mg MA/kg of sample except in,qne case with
tray-pack skinless fillets examined on the 3rd day of storage. Five mg MA/kg
is suggested in the literature (Thompson, 1962; Mendenhall,,1972) as‘the uppér
limit that can be present in smoked and raw fish fillets withéut being detectf
ed by sensory panels. Rancid odors were not repérted by the sensory panel
during evaluations of products which had been stored. |

- The TVN content of the different forms of Spanish mackerel is shown iﬁ
Figure ‘1.  TVN values for guttgd and H&G fish remained~stab1e throughout
storage. Values for the two forms of tray-pack fillets were s;able through 3
days, then increased appreciably at 5 days and continued to increase dramat-
ically through the end of storage. The increased rate of spoilége of tray-

pack fillets over gutted and H& fish, as indicated by the TVN values, may be



attributed to: (1) increased surface area of the fillets available to the
gr wth of microoi:ganisms, (2) the lack of continuous washing action of
‘melting ice as employed for gutted and H&G fish and (3) slightly higher
storage temperature of the tray-pack fillets. The TVN content of fillets was
22 to 28 wg N/100 g of saaple whea the seasory panel rated the products of
borderline quality. Phillips and Cobdb {1977) ceporiad that 30 mg N/100 g of
sample is the maximum leQel at ﬁhich refrigerated, packaged, Gulf fish are
judged to be acceptable. Results of the TVN content corresponded weli with
sensory scores, pH and microbial counts. The Tvﬁ method for determining the
quality of refrigerated Spanish mackerel appears to be useful in predicting
the onset of spoilage.

The TMA-N content of the different ptoduct forms of Spanish mackerel is
shown in Figure 2. TMA-N content of gutted and H& fish were 3 mg~ﬁ/1oo g of
sampye at 1, 3 and 9 days. While the values were higher at 5-days {5.5) And
lower at 7 days (2.0), it is not clear whether these values are due to‘rea;
changes or merely reflect sampling variability. TMA-N values for both forms
of fillets were approximately 3 mg on the lst daonf storage then increased to
aPP?Oximately 3.5 mg on the 3rd day. Tﬁe valines quveaiei 31 tha Sﬁﬁyiay‘:)
approximately 8 mg and continued to increase very rabidly throﬁghqut ﬂt);{g4;
indicatihg tray~éack filiets spoiled mﬁch more rapidly than gutted and H&G
fish. It is important to note that the TMA—N'content ofvfilleﬁs?incréaéed
appreciably before the‘TVN increased, indicating that the TMA-N tést may ﬁe a
better indicator‘of the on-set of spoilage in mackerel. TMA-N values corres-
ponded well with other tests used to,evaluafe the reftigéraﬁed shelflife of

~Spanish mackerel.



King Mackerel -— Results of th- .d, TAPC, oxidativé rancidity (TBA) and
organoleptic evaluations for king mackerel are shown in Table 2. The pH of
whole fish decreased on the 3rd day of storaée and increased slightly upon
further storage. However, the values remained below, or about equal to, the
initial pH throughout the remainder of storage suggesting minimal protein
degradation. The pH of portions also decreased on the 3rd day‘of storage,
exceeded the initial pH on the 12th day and peaked on the 15th day. The
increase in pH values indicated that some proteolysis occurred during the
storage period. " Results of the pH measurements indicated that portioms,
packaged and stored at 4°C, spoiled at a faster rate than whole fish stored in
ice (1°C).

The TAPC of whole fish‘remained relatively stable during the first 5 days
of storage then increased rapidly on the 9th day. The values decreased
slightly on the 12th day, then increased reaching a peak on the 15th day. Thg
count on portions was slightly lower on the 3rd day than the initial value,
increased to approximately the initial value on the 5th day, then increased
sharply to a peak on the 15th day of storage. The values for pdrtions were
consistently higher than those for whole fish in particular on the 9th day and
through the remainder of storage. The high coupts.for portioﬁs may>be attrib-
uted to: (1) increased surf;ce area exposed to ba¢teria1 contamination, and
(2) slightly higher sforage temperatufe. .The increase in TAPC valueé gener-
ally followed an increase in the pH of both product forms, particularly toward
the end of storage. |

Organoleptic scores for samples from the whole fish remainedrin the
acceptable range throughout storage,. except for the odor and texture on’the

15th day, which were borderline. Portions were acceptable through 9 days of

cr. -

storaga. Portions were rejected by the sensory panel on the 12th day due to

spoilage odors and discolorationm of'thé,surface. Texture of the portions was

soft to mushy on the 15th day.
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TBA values for whole fish increased consistently after 3 days of storage.
However, the high value obtained on initial storage cannot be xplained.
Values for portions generally increased with storage and ranged from 0.1 mg
MA/kg at initial storage to 1.11 mg on the 15th day. Values for whole fish
were generally lower than portions, indicating that less oxidative rancidity
took place in the whole fish. TBA values of both product forms were always
below that level considered to be detectable by sensory panels (Thompson,
1962; Mendenhall, 1972).

 The TVN content of the two product forms of king mackerel is shown in
Figure 3. Values for whole fish were fairly.consistent throﬁghout the storage
period, ranging from a low of about 12 mg N/100 g oh,the 9th day to.a high of
about 14 mg on the 12th day. TVN content of pqrtionsfremained relatively
stable through 9 days of storage (about 14 mg), then increased raﬁidly there-
after to 29 mg on the 15th day. TVN values fbr portions were 20.5 mg‘when
rejected by the sensory panel. An increase in the TVN content parallelled
closely with an increase in pH, TAPC, TBA values énd a decrease in/sensory
scores.

The TMA-N content of the two forms of king mackerel is shown in Figure 4.
TMA-N values for the whole fishkwere somewhat inconsistent, ranging from a 1ow:
of 5mg N/100 g on the first day of storage to a high of 7.2 mg on thebSth day,
and remained essential stable throughout st&rage. 'Valueé for ﬁortiohs were
also slightly erratic through the first 9’days of Storage. Values increased
drastically after 9 days to reach a high dfbll.O'mg on the ‘15th day. TMA-N
values corresponded well with other tests used to assess‘the shelflife'of'ﬁing
mackerel. |

Organoleptic scores; supported Sy chemical and microbial results;vindi~
cate that the refrigerated shelflife of whole king mackerei is.ébout 15 days

and 9 days for steaks.

1



CONCLUSIONS

Quality assessment methods indicated that the refrigerated shelflife of
Spanish mackerel is about 7 to 9 days for iced, gutted and H&G fish and 5 to 6
days for tray-pack, skin-on and skinless fillets held at 4°%.

Likewise, the refrigerated shelflife of king mackerel was determined to
be about 15 days for iced whole fish and 9 days for packaged portions held at
4°c.

In general, TBA values for Spanish’mackerel increased with storage up to
a point, then decreased toward the end of storage. Values for king mackerel
increased slowly but consistently with storage. Slow or minimal changes in
TBA values indicate that spoilage by oxidative mechanisms is much slower than
microbial spoilage which produces TMA-N and TVN. Consequently, oxidative
spoilage is less important than microbial spoilage of iced fish.

TVN and TMA-N of spanish and king ﬁackerel increased with storage and
corresponded very closely with organoleptic scores. Values for TVN and TMA-N
increased dramatically when samples were rated of borderline quality. TMA;N
appears to be a suitable test to indicate the on-set of spoilage in Spanish
mackerel.

The increase in TAPC of all product fofms corresponded well with‘an
increase in TMA-N and TVN and a decrease in organoleptic scores.

Iced fish (storage temperaturé approximately 1%) iéya realistic market-
ing form for mackerel products and allows greater flexibility in marketing
with maximum control of storage temperature. Packaged fillets and steaks
(storage temperature approximately 4°C) are also common, convenient market-—
ing forms, but this‘approach requirés special care in the marketplace; i.e.,
timely rotation of product, careful moni toring and‘removal of products exhib~
iting spoilage characteristics and maintenance of a constant and lowest prac=

ticable temperature.
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Figure_l -- The total volatile nitrogen (TVN) éontent of the
varigus produSt forms of spanish mackerel stored
at 1° C and 4~ C. , : ; .
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Figure 2 -- The trimethylamine-nitrogen (TMA-N) content of the varjous
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Table 1 -- Results of the assessment of various product forms of Spanish mackerel stored at 1°¢c and 4° c.

Quality Factors
Stgrage Tg%gleAggsbic Organoleptic Scoresy

l;gcv)"cll]uct (g,;;i) pHi/ (count/g)y App.—l-/ Odor | Texture (m;BﬁAg?]ﬁZ )y
Gutted 1 6.4 | 5.4%x10° | 7.2 6.2 7.0 2.37
Fish 3 6.45 | 1.2 X 10° 7.5 7.3 6.7 2.35
Iced 5 6.30 8.6 X 10 7.5 8.0 7.0 2.82
(1° ¢) 7 6.28 | 9.1 10° 7.2 7.2 6.3 4.61

9 6.61 | 6.2 X 10° 7.0 7.5 6.5 2.40

1 6.30 | 1.1X 10° 7.8 7.7 7.2 0.32
H &G 3 6.48 | 8.2 x 10% 7.7 7.7 7.3 1.69
Fish 5 6.29 | 5.7 x 10° 8.0 7.5 7.5 3.33
Iced 7 6.28 | 1.5 10° 6.3 6.2 6.2 2.70
(1° ¢) 9 6.63 | 1.9 X 10’ 7.0 6.0 6.5 2.42
Skin-on 1 6.39 | 3.4 X 10° 6.7 6.8 7.2 2.90
Fillets 3 6.44 | 1.2 x 10° 7.8 7.0 6.8 3.64
Packaged 5 6.77 | 6.6 X 10’ 6.5 6.5 7.0 4.78
(4° ¢) 7 6.66 | 3.6 X 10° 5.7 4.3 6.4 3.52

9 6.63 | 1.3x10° | 2.0 2.0 3.0 3.40
Skinless 1 6.52 | 4.7 x 10° 7.8 7.2 7.5 1.85
Fillets 3 6.45 | 3.5 x 10° 7.0 6.7 7.2 5.90
Packaged 5 6.83 | 6.1x 10° 7.5 7.0 6.5 2.89
(4° ¢) 7 6.89 | 3.9 X 10° 5.2 3.7 5.3 2.65

9 6.93 | 7.4 x 107 3.5 2.5 4.0 3.56
v Appearance | | 4 g - Highest affirmative value

2/ Calculated as mg malonaldehyde/kg of flesh : 5 = Borderline

3/ Indicate average of three separate sample analyses 2 = Lowest negative value



Table 2 -- Results of the assessmnnt of whole fish and portions of k1rg mackere]
stored at 1° and 4° C.

Quality Factors
Product Storage Total Aerobic ; Organoleptic Scoresé/ V FTBA Values
Form Time 3/ Plate Coug , 17 : i ) " 2/ 3/
(days) pH=/ (count/g)s/ Odor = Texture (mg MA= /kg)

1 6.37 | 1.1 X 10° 8.0 8.0 7.7 0.16

3 6.23 1.7 X 103 - 8.0 8.3 8.2 0.01
Whole 5 6.27 | 2.0 x 103 8.2 8.2 8.0 0.01
Fish 9 | 6.27 | 5.3X10° 8.2 8.0 7.7 0.04
Iced 12 6.3¢ | 1.1X 10° 7.2 6.3 6.5 0.06
(10 C) i 15 6.34 6.8 X 105 6.6 5.4 5.8 g 0.23

1 | 601 | nixwt 8.0 8.5 8.2 | 0.10

3 5.90 | 2.5 X 10° 8.0 7.8 7.8 | 0.31
Fish 5 | 5.88 | 1.6 x 10 8.0 8.2 7.6 0.21
Portions © 9 | 5.91 | 3.0 X 10’ 7.7 77 L 13 0.26
Packaged = 12 6.13 | 7.2 x 10° 5.5 3.7 . 58 1.09
(4° ¢) 15 6.29 | 57x10° | a8 1.6 2.6 | 1.11
v Appearance 4, = . . .

— 9 = Highest affirmative value

2/ Calculated as mg malonaldehyde/kg of flesh 5 = Borderline
3/ 2 = Lowest negative value

= Indicate average of three separate sample analyses
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